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SUMMARY  
This  paper  explores  the  unique  potential  of  evapotranspiration  as  a  stormwater  management  strategy.  
The  current  water-‐quality  challenges  associated  with  changing  land  use  in  Beaufort  County  were  used  as  
the  basis  for  modeling  potential  applications  of  this  strategy.  
BACKGROUND  
Increasing  concentrations  of  fecal  coliform  bacteria  have  been  documented  in  Beaufort  County’s  
estuarine  waterways.  These  increases  threaten  the  waterways’  classifications  for  shellfish  harvesting  
and  warn  of  other  potential  impacts.  
After  intense  study  by  state  and  local  governments  and  by  private  groups  and  individuals,  we  have  made  
the  following  observations:  
1. Properly  designed  and  constructed  ponds  appear  to  reduce  fecal  coliform  concentrations,  
although  processes  of  control  are  not  fully  understood.  
2. Bacteria  hot  spots  appear  to  originate  in  natural  watersheds  or  undeveloped  portions  of  
watersheds.  
3. Since  it  has  not  been  routinely  controlled  until  present,  the  total  stormwater  volume  flowing  
into  saltwater  systems  on  an  annualized  or  long-‐term  basis  has  increased.  
The  practice  of  stormwater  management  in  Beaufort  County  has  progressed  to  include  control  of  
stormwater  volume  to  approximate  the  natural,  predevelopment  water  balance.  Increasing  total  
freshwater  volume  can  be  a  problem  for  at  least  three  reasons:  
1. Raising  the  groundwater  table  thereby  causing  septic  failures,  higher  runoff  during  storm  
events,  and  higher  lateral  groundwater  flow    
2. Washing  additional  fecal  coliform  from  natural  or  engineered  systems,  and  
3. Diluting  salinity  which  may  affect  fecal  coliform  die-‐off  and  survival  of  reproductive  stages  of  
marine  species.  

It  is  generally  accepted  that  natural  runoff  will  contain  some  concentration  of  fecal  coliform  bacteria.  
Even  without  adding  additional  fecal  coliform  sources  to  the  watershed,  increased  runoff  will  have  the  
effect  of  adding  a  higher  mass  loading  of  fecal  coliform  to  receiving  water  bodies.  
Additionally,  many  new  communities  import  irrigation  water  into  watersheds  either  in  the  form  of  
potable  water  withdrawn  from  the  Savannah  River  or  from  treated  wastewater  effluent  that  is  
reclaimed  and  utilized  for  irrigation.  Imported  irrigation  water  adds  up  to  50  inches  per  year  of  
freshwater  on  top  of  the  approximately  50  inches  per  year  received  in  the  watershed  as  rainfall.  
POTENTIAL  SOLUTIONS  
A  range  of  structural  solutions  is  possible  to  control  freshwater  volume  and  fecal  coliform  bacteria  
concentrations.  The  universe  of  potential  solutions  should  be  evaluated  according  to  the  following  
selection  criteria:  
1.
2.
3.
4.
5.
6.

must  be  able  to  demonstrate  reduction  in  fecal  coliform  
must  be  practical  to  implement  in  the  watershed  
must  be  widely  applicable  with  respect  to  existing  land  uses  and  other  conditions  
must  not  introduce  secondary  impacts  to  the  watershed  
must  be  scalable  
must  be  low  maintenance  

Elimination  of  bacteria  by  killing  the  organism  can  be  accomplished  by  ultraviolet  (UV)  light  irradiation  
and  chemical  methods  such  as  application  of  chlorine.  While  these  methods  are  effective,  they  have  
several  significant  limitations.  UV  is  expensive  and  probably  not  widely  applicable  or  practical  within  the  
watershed;  it  may  be  applicable  in  certain  isolated  cases.  Chlorine  and  other  chemical  additives  pose  too  
much  risk  of  secondary  impacts  within  the  watershed.  
Other  solutions  involve  some  form  of  manipulating  watershed  hydrology  to  control  fecal  coliform  by  
natural  decay  in  ponds  or  upland  soils.  
Ponds  can  be  utilized  to  increase  detention  time  of  stormwater  to  allow  natural  decay  of  fecal  coliform  
bacteria.  Ponds  can  be  made  larger  to  control  for  predevelopment  hydrologic  conditions  (total  volume  
control  approach).  This  approach  is  limited  by  land  area  and  high  groundwater  elevations  both  of  which  
limit  the  amount  of  storage  available.  
Ponds  or  cisterns  also  can  serve  as  reservoirs  for  reuse  of  stormwater  as  irrigation  or  as  loading  to  
infiltration  areas.  A  potential  problem  with  ponds  is  re-‐suspension  under  high  flows  of  fecal  coliform  
that  had  previously  adsorbed  to  sediments  and  settled  to  the  pond  bottom;  in  these  cases,  higher  
concentrations  of  fecal  coliform  can  wash  from  ponds  into  the  river  during  these  isolated  events.  
Infiltration  is  another  method  for  removal  of  excess  volume.  Infiltration  is  promoted  under  some  current  
ordinances  in  the  Beaufort  County  region,  but  infiltration  has  limitations  as  a  widespread  solution.  Poor  
soils  and  shallow  groundwater  depths  limit  the  suitability  of  many  sites.  As  the  area  has  developed,  the  
remaining  undeveloped  sites  where  new  BMPs  might  be  applied  typically  occur  on  more  marginal  soils  

and  in  topographically  lower  areas,  further  limiting  the  applicability  of  infiltration.  In  a  broader  sense,  
infiltration  as  a  watershed-‐wide  strategy  could  raise  groundwater  tables  further,  exacerbating  the  
problem.  
The  final  pathway  of  natural  removal  is  Evapotranspiration  (ET).  Normalizing  seasonal  effects  and  
differences  in  soil  conditions  throughout  the  watershed,  an  approximation  of  the  annual  natural  water  
balance  in  the  region  is  as  follows:  
40%  

Evapotranspiration  (ET),  which  is  defined  as  the  combination  of  evaporation  directly  to  
the  atmosphere  and  transpiration  to  the  atmosphere  through  vegetation.  

50%  

Infiltration  into  the  adjacent  soil  strata,  some  portion  of  which  will  move  laterally  via  
groundwater  flow  

10%  

Runoff  directly  to  receiving  waters  

The  ET  pathway  accounts  for  an  estimated  40%  of  the  natural  water  cycle.  Aside  from  inter-‐basin  
transfer  of  stormwater  to  another  watershed,  which  is  questionable  as  a  management  strategy  and  
probably  unacceptable  and  impractical,  ET  is  the  only  pathway  that  will  physically  remove  freshwater  
from  the  watershed.  Furthermore,  ET  is  one  of  a  few  management  strategies  that  is  equally  effective  in  
poor  soils  or  high  groundwater  conditions,  which  are  persistent  challenges  along  the  Southeast  coast.  
APPLICATIONS  FOR  EVAPOTRANSPIRATION  
A  significant  opportunity  exists  to  make  use  of  ET  as  a  hydrologic  pathway  to  control  freshwater  volume  
and  to  protect  and  restore  natural  hydrology.  Some  of  the  potential  applications  of  this  management  
strategy  are  as  follows,  including  some  of  the  opportunities  and  challenges  with  each  application:  
1. Projects  that  restore  natural  hydrology  to  freshwater  wetlands,  while  removing  freshwater  flow  
x Application  –  Within  wetland  areas  in  all  development  densities  where  jurisdictional  or  
non-‐jurisdictional  wetlands  occur  
  
x Opportunities  
o Restore  historically  damaged  wetland  habitat  
o Enhance  groundwater  reservoir  as  a  regional  resource  of  freshwater  for  natural  
environment,  irrigation,  or  human  use  
o Reduce  freshwater  loading  to  adjacent  estuaries  
o Reduce  fecal  coliform  washing  from  developed  and  natural  areas  
x Challenges  
o Upstream  flooding  can  occur  from  modification  of  wetland  hydrology  
o Changes  to  vegetation  can  occur  as  the  hydro-‐period  is  modified  
o Restored  wetlands  may  be  attractive  to  additional  warm-‐blooded  wildlife  that  
could  increase  fecal  coliform  loadings  
o Growth  of  mosquitoes  or  other  nuisance  species  may  be  increased  

  
2. ET  BMPs  in  linear  facilities  such  as  road  and  utility  rights-‐of-‐way  
  
x Application  –  Within  linear  facilities  in  all  development  densities  with  different  design  
applications  based  on  the  intensity  of  development.  For  example,  street  curbing  would  
be  used  in  higher  density  transects  versus  natural  road  shoulders  in  lower  ones.  
  
x Opportunities  
o Enhance  groundwater  reservoir  as  a  regional  resource  of  freshwater  for  natural  
environment,  irrigation,  or  human  use  
o Reduce  freshwater  loading  to  adjacent  estuaries  
o Reduce  fecal  coliform  washing  from  developed  and  natural  areas  
o Save  cost  of  conveyance  in  stormwater  piping  and  structures  
x Challenges  
o ET  BMPs  must  be  designed  carefully  to  avoid  interference  with  facility  
operations  
o ET  BMPs  must  be  designed  carefully  to  avoid  interference  with  facility  
maintenance  
  
3. Irrigation  utilities  utilizing  stormwater  as  a  primary  source  
  
x Application  –  All  land  use  densities  with  different  design  applications  based  on  the  
intensity  of  development.  For  example,  cisterns  can  be  used  for  storage  in  higher  
density  transects  versus  ponds  in  lower  ones.  
  
x Opportunities  
o Up  to  50%  reduction  in  freshwater  loading  to  watershed  by  removal  of  out-‐of-‐
watershed  irrigation  water  
o Reduced  utility  capital  cost  for  water  system  due  to  reduced  need  to  size  for  
irrigation  peak  demands  
o Reduced  cost  to  residential  or  commercial  irrigation  consumer  for  cost  of  
irrigation  water  
o Enhance  groundwater  reservoir  as  a  regional  resource  of  freshwater  for  natural  
environment,  irrigation,  or  human  use  
x Challenges  
o In  addition  to  water  and  sewer,  a  third  distribution  system  for  irrigation  water  is  
necessary  
o Filtration  of  pond  water  may  be  required  
o Reservoirs  for  storage  are  needed  
  
  

4. Stormwater  management  coupled  with  open  space  on  available  upland  sites  
  
x Application  –  limited  to  lower  density  land  uses  except  in  unique  cases;  could  include  
large-‐scale  regional  approaches  or  decentralized  LID  approaches  
  
x Opportunities  
o Stormwater  management  can  be  combined  as  an  amenity  or  with  park  space  
o Enhance  groundwater  reservoir  as  a  regional  resource  of  freshwater  for  natural  
environment,  irrigation,  or  human  use  
o Reduce  freshwater  loading  to  adjacent  estuaries  
o Reduce  fecal  coliform  washing  from  developed  and  natural  areas  
x Challenges  
o Best  if  planned  and  implemented  prior  to  development  within  the  watershed  
o In  retrofit  applications  the  elevation  of  existing  development  upstream  typically  
will  limit  the  amount  of  volume  storage  that  can  be  achieved.  
o Since  candidate  sites  are  at  the  lower  ends  of  watersheds,  design  will  be  limited  
by  low  elevation  relief,  poor  soils,  and  high  groundwater  
o Land  availability  can  be  limited  
o Land  is  perceived  as  lost  to  development  
o Initial  costs  can  be  high  
o Fair  funding  allocation  can  be  tricky  if  watershed  includes  multiple  ownership  
and  land  uses  
o Concerns  about  public  safety  

